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Mast cells and histamine receptor-targeted
adjunctive treatments for COVID-19: A literature
review
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Department of Research, Molecular Biolnsights, Winchester, Massachusetts, United States of
America

Abstract

With the rollout of multiple COVID-19 vaccines, adjunctive treatments for COVID-19
have received less attention. Breakthrough infections post-vaccination (including
boosters) underscore the need to continue evaluating repurposed drugs and
nutraceuticals as candidate adjunctive treatments. Early clinical studies of
antihistamines hypothesized that targeting mast cells (and/or histamine receptors)
might benefit COVID-19 patients. In cultured human coronary artery endothelial
cells, histamine potentiated spike-mediated angiotensin-converting enzyme 2
internalization; this effect can be blocked by the antihistamine famotidine. This
literature review focuses on clinical studies of antihistamines, mast cell stabilizers,
and leukotriene receptor antagonists for COVID-19 patients. Several antihistamines
and mast cell-targeting agents, including fluvoxamine, cyproheptadine, hydroxyzine,
and antihistamines used alone or with azithromycin (dexchlorpheniramine, cetirizine,
loratadine, and ebastine), as well as azelastine, famotidine (standard or high-dose),
high-dose famotidine with celecoxib, and the flavonoid mast cell stabilizer quercetin,
have been reported to be associated with clinical benefits in COVID-19 patients.
Multiple studies have reported mixed results for aspirin, montelukast, and normal-
dose famotidine; patients taking aspirin often have associated COVID-19 risk factors.
In the context of current standard-of-care treatments, clinical studies evaluating
candidate adjunctive treatments should carefully consider and avoid known
drug-drug interactions, such as those involving celecoxib and dexamethasone.
Further clinical studies of the identified treatments targeting mast cells and/or
histamine receptors in COVID-19 patients associated with clinical benefits are
therefore strongly recommended.

Keywords: COVID-19; Severe acute respiratory syndrome coronavirus 2; Mast cells;
Antihistamines; Famotidine; Quercetin

1. Introduction

In March 2020, a team of volunteers found that high-dose famotidine provided
some relief of COVID-19 symptoms in patients;' at the same time, lower standard
doses of famotidine provided little or no relief.! Famotidine (Pepcid) is a histamine
2 (H2) receptor antagonist medication used to reduce stomach acid production by
antagonizing H2 receptors expressed on mast cells, basophils, other immune cells,
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and platelets."* (activated platelets release histamine and
other inflammatory molecules). This mechanism raises
the following question: Does targeting mast cells and
basophils with other repurposed drugs show evidence of
clinical benefits in COVID-19 patients? In addition, the
histamine receptor H1 serves as an alternative receptor
for the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) Spike protein and synergistically enhances
viral entry by interacting with the human angiotensin-
converting enzyme 2 (ACE2) receptor” In mice and
rhesus macaques, mast cell degranulation induces alveolar
epithelial inflammation and lung injury.® Hafezi et al’
present evidence that a cytokine response from mast cells
may initiate inappropriate antiviral immune responses and
cause the development of cytokine storm syndrome. In
mice, mast cell degranulation in response to SARS-CoV-2
infection induced hyperinflammation and subsequent
tissue lesions.® Thus, this study provides a review of
published clinical studies on drugs and nutraceuticals
targeting H1 and H2 histamine receptors, mast cell
stabilizers, and leukotriene receptor antagonists.

COVID-19 is caused by the SARS-CoV-2 virus. Clinical
COVID-19 expression varies widely from asymptomatic
to severe,*'? including acute respiratory distress syndrome,
cytokine storm, myocarditis, and pericarditis,''* and acute
kidney injury. SARS-CoV-2 infections are also associated
with multisystem inflammatory syndromes (MIS) in
children, adults,and neonates, as well as post-acute sequelae
of COVID-19 (also known as long COVID). Some cases
of MIS may be associated with persistent SARS-CoV-2
infections.*"*!'¢ The SARS-CoV-2 Spike protein binds to
the ACE2 receptor as a primary mechanism for infecting
cells. A model for early COVID-19 cardiac pathology
proposes that elevated histamine signaling through
pericyte histamine receptors, and/or direct SARS-CoV-2
infections of pericytes, constricts cardiac pericytes and
triggers capillary vasoconstrictions as the trigger event
for COVID-19 cardiac pathologies.? This model also
applies to COVID-19 vaccine-associated myocarditis
and pericarditis.”” Hyperactivated mast cells, platelets,
and constricted pericyte cells are also predicted to be the
key cause of Kawasaki disease, MIS in children, adults,
neonates, and post-COVID-19 vaccination.>**® High-
dose aspirin (acetylsalicylic acid), a non-steroidal anti-
inflammatory drug (NSAID), is the standard treatment for
both Kawasaki disease and MIS. Although Kawasaki disease
and MIS are generally considered distinct, it has been
proposed that MIS represents a SARS-CoV-2-associated
form of Kawasaki disease, with disease onset triggered by
hyperactivation of mast cells and histamine release from
platelets.* The induced pericyte constriction model may

also extend to kidney pericytes in acute kidney injury
associated with COVID-19.

Clinical studies of several repurposed drugs and
nutraceuticals support the hypothesis that targeting mast
cells may benefit COVID-19 patients. These include
multiple antihistamines, such as azelastine, cetirizine
alone or with famotidine, high-dose famotidine alone or
with celecoxib, chlorpheniramine, cyproheptadine with
fluvoxamine, diphenhydramine, hydroxyzine, loratadine,
and dexchlorpheniramine/cetirizine/loratadine/ebastine
combined with azithromycin, as well as flavonoids
quercetin and luteolin (associated with persistent
COVID-19 olfactory dysfunction). Conflicting clinical
studies were identified for aspirin, montelukast, and
normal dosage famotidine.

2. Methods
2.1. Literature searches

A literature search was conducted on PubMed (https://

pubmed.ncbi.nlm.nih.gov/) using the terms “COVID-19”

[Title/Abstract] AND “<treatment>"[Title/ Abstract] for

each of the following candidate treatments:

(i) First-generation antihistamines:
bepotastine,  brompheniramine,  carbinoxamine
maleate, chlorpheniramine, cinnarizine,
clemastine, cyproheptadine, dexbrompheniramine,
dexchlorpheniramine, dimenhydrinate,
diphenhydramine, doxepin, doxylamine, hydroxyzine,
meclizine,  pheniramine,  promethazine, and
triprolidine

(ii) Second-generation  antihistamines:  Astemizole,
azelastine, bilastine, cetirizine, ebastine, emedastine,

Antazoline,

ketotifen, loratadine, mizolastine, olopatadine,
rupatadine, and terfenadine;
(iii) Third-generation  antihistamines: Desloratadine,

fexofenadine, and levocetirizine

(iv) H2 receptor: Cimetidine, famotidine, nizatidine, and
ranitidine

(v) Mast cell stabilizers: Cromoglicic acid, cromolyn
sodium, dasatinib, ketotifen, lodoxamide, luteolin,
midostaurin, nedocromil, nilotinib, pemirolast,
quercetin, and spaglumic acid

(vi) Leukotriene  receptor  antagonists:  Ibudilast,
montelukast, pranlukast, verlukast, zafirlukast, and
zileuton

(vii) NSAID: Aspirin.
The Directory of Open Access Journals (DOAJ)

(https://doaj.org/) was also searched for these same

candidate treatments using the query “COVID-19 and
<treatment>". Candidate titles were reviewed manually to
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select articles for this review. The Europe PMC database
(https://europepmc.org/) was searched for “COVID-19
and <treatment>"; results were filtered by the <treatment>
name in the article title. Exclusion criteria were: No patient
data, non-English language, study protocols, non-human
or non-COVID-19 studies (long COVID, MIS, Kawasaki
disease), non-open access articles, and in silico/docking/
bioinformatics/systems biology studies.

3. Results

The PubMed search returned 1,321 records (including
duplicates). After title screening, 266 articles underwent
full-text review. The highest number of records were
retrieved for aspirin, famotidine, montelukast, quercetin,
and luteolin. Ultimately, 98 articles (including a few
supportive studies) were included, with an emphasis on
candidate adjunctive treatments in COVID-19 patients.
The DOAJ literature search identified 556 candidate titles,
including duplicate titles. Of these 556 candidate titles, 41
additional new articles (not included in PubMed results)
were identified for manual review, among which 16 articles
were selected for inclusion. The Europe PMC search
returned 22,487 titles excluding aspirin (only search results
from PubMed and DOA]J for aspirin have been included
in this review), and 34,600 titles, including articles and
preprints for all target treatments. Of these 22,487 Europe
PMLC titles, 14 articles that did not overlap with previously
selected articles from PubMed and DOA]J were selected.
No relevant COVID-19 clinical literature was identified for
antazoline, bepotastine, bilastine, carbinoxamine maleate,
cromoglicic acid, dexbrompheniramine, dimenhydrinate,

doxylamine, emedastine, lodoxamide, meclizine,
midostaurin, mizolastine, nedocromil, olopatadine,
pemirolast, pheniramine, pranlukast, rupatadine,

spaglumic acid, terfenadine, triprolidine, and verlukast.
Literature search results by treatment are summarized in
Table Al.

3.1. Antihistamines
3.1.1. Azelastine

In a study of 90 patients, divided into two azelastine groups
and one placebo group, negative COVID-19 polymerase
chain reaction results occurred earlier and more frequently
in the azelastine groups (18.52% and 21.43%) than in the
placebo group (0%) by day 8." A study of 251 COVID-19
outpatients found that azelastine was associated with a
significantly reduced viral load.*® A clinical trial of 450
individuals found that azelastine was associated with a
lower risk of SARS-CoV-2 infection (odds ratio [OR]: 0.31;
95% confidence interval [CI]: 0.11-0.87).%

3.1.2. Cetirizine

Dual-histamine receptor blockade with cetirizine
and famotidine reduced pulmonary symptoms in
COVID-19 patients.”? Cetirizine, used in combination
with azithromycin in elderly patients suspected of
COVID-19, was associated with no hospitalizations or
deaths.” Cetirizine has also been shown to protect against
myocarditis in a viral myocarditis mouse model.**

3.1.3. Famotidine

Ad hoc dosage evaluations suggested COVID-19 symptom
relief at higher famotidine dosages (80 mg three/four
times a day) but not at standard heartburn dosages;'
pharmacokinetic analyses of dosage levels were consistent
with these ad hoc results." The literature evaluating lower
(normal) famotidine dose levels was fairly consistent with
these early observations, reporting benefits®*' and no
benefits.*>**> High-dose famotidine has been reported to
benefit COVID-19 patients.”** In a small randomized
clinical trial of COVID-19 hospitalized patients (n=20),
high-dose famotidine was associated with significant
decreases in lactate dehydrogenase (p=0.01), mean white
blood cell count (p=0.04), and length of hospital stay
(p=0.04), along with a significant increase in oxygen
saturation (p=0.01) and cough improvement (p=0.02)."” A
review of five studies found that famotidine was associated
with a significant reduction in mortality (hazard ratio:
0.42; 95% CI: 0.21-0.85; p=0.02).* In cultured human
coronary artery endothelial cells, histamine potentiated
spike-mediated ACE2 internalization;*” this effect can
be blocked by famotidine.” In SARS-CoV-2-infected
human colon carcinoma Caco2 cells, famotidine
treatment inhibited histamine-induced toll-like receptor
3 expression and reduced toll-like receptor 3-dependent
inflammatory  signaling.”®  Combining  high-dose
famotidine with celecoxib exhibited positive results in
COVID-19 patients;**° celecoxib is a cyclooxygenase-2
NSAID. High-dose famotidine and celecoxib treatment
was associated with significant improvements in clinical,
biomarker, and renal function measurements, including
a reduction in the number, size, and shape of lung
ground-glass lesions in all treated patients.® Theoharides
and Conti®' raised concerns about treating COVID-19
patients with dexamethasone, a potent corticosteroid
(steroidal anti-inflammatory drug). A retrospective study
observed no deaths among 18 patients (0% mortality)
receiving high-dose famotidine plus celecoxib, compared
with six deaths among 21 patients (29% mortality) who
also received dexamethasone (y*[1, N=43]=7.305,
p<0.007).>> Combining dexamethasone and celecoxib
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significantly increased the risk of serious gastrointestinal
problems, including bleeding, inflammation, ulceration,
and potentially fatal perforation.”® Despite reports of
potential drug-drug interactions between celecoxib and
dexamethasone,”** the NCT04488081 trial evaluated
dexamethasone in combination with famotidine and
celecoxib and was terminated early because of safety
concerns.” In addition, aspirin combined with famotidine
exhibited a significant synergistic survival benefit.*®

3.1.4. Additional antihistamines

Four patients with mild symptomatic COVID-19 who
were treated with chlorpheniramine maleate nasal spray
showed rapid improvement of their clinical symptoms.””
Clinical trials NCT05449405/NCT05520944 compared
61 COVID-19 patients treated with chlorpheniramine
maleate nasal spray to 40 placebo-treated patients and
found an improved rate of clinical recovery (p<0.05) in
the treated patients.”® In the clinical trial NCT05087381,
147 COVID-19 patients treated with fluvoxamine and
cyproheptadine showed no clinical deterioration compared
to the majority who received standard-of-care treatment
(p<0.001).* In an open-label, randomized clinical trial of
40 patients, cyproheptadine did not increase the number
of ventilator-free days over 28 days.” In a multicenter
observational study, the use of hydroxyzine among 164
COVID-19 patients within the first 48 h of hospitalization
was associated with reduced mortality (adjusted OR:
0.51; 95% CI, 0.29-0.88; p=0.016)."" Treatment of 84
elderly (mean age 85) with suspected COVID-19 for
1 month with an antihistamine (dexchlorpheniramine,
cetirizine, loratadine, or ebastine) combined with
azithromycin for three to six days showed no association
with hospitalizations or deaths.” A follow-up study of 468
COVID-19 patients reported a total of 20 (4.3%; OR: 0.490;
95% CI: 0.313-0.767; p=0.001) hospitalizations and three
deaths (0.6%);%* none of the 468 COVID-19 patients treated
with antihistamines developed long COVID-19.%* In K18-
hACE2 transgenic mice, those treated with dasatinib and
quercetin had a lower rate of meeting end-point criteria
for euthanasia than the control group (30.7% vs. 64.7%).9
In humanized mice infected with SARS-CoV-2, mast
cell degranulation caused tracheal lesions and papillary
hyperplasia; ebastine or loratadine effectively suppressed
the induction of inflammatory factors in bronchial
epithelial cells.® In mice, remdesivir and loratadine reduced
viral replication and inflammation.** In a retrospective
case—control study of 3,712 COVID-19 patients, loratadine
(OR: 0.20; 95% CI: 0.02-0.93) was identified among
11 drugs in reducing mortality.* In patients with moderate
COVID-19 pneumonia, zafirlukast did not significantly
improve symptom resolution.®® In individuals over age

61, prior usage of loratadine (n=284; OR: 1.52; 95% CI;
1.12-2.07; p=0.008), cetirizine (n=237; OR: 2.09; 95% CI:
1.49-2.93; p<0.001), hydroxyzine (n=269; OR: 1.58; 95%
CIL: 1.11-2.25; p=0.011), diphenhydramine (n=741; OR:
1.55; 95% CI: 1.26-1.91, p<0.001), and azelastine (n=135;
OR: 2.43; 95% CI: 1.47-4.02; p=0.001) was associated
with a lower likelihood of SARS-CoV-2 positivity.”” A
retrospective survey of 13 COVID-19 patients who received
chlorpheniramine either preventively or post-exposure
reported favorable responses.®® Diphenhydramine and
lactoferrin improved survival rates in mice infected with
SARS-CoV-2 compared to placebo-treated animals.®” One
intensive care unit (ICU) in India included a daily dosage
of 5 mg of either desloratadine or levocetirizine in the
treatment protocol for COVID-19.7° A consecutive case
series treated 53 COVID-19 patients (34 mild, 17 moderate,
and 2 severe) with levocetirizine and montelukast, with no
intubations or deaths (comparative mortality rates ranged
from 1 to 7.5%).” In a retrospective study of 59,094 patients,
the risk of SARS-CoV-2 infection was significantly lower
in H2 receptor antagonists (ranitidine: 50.27%; famotidine:
40.14%; cimetidine: 34.85%; and nizatidine: 10.35%) (OR:
0.85; 95% CI: 0.74-0.98; p=0.024).”> A propensity score-
matched study of 9,469 participants found no association
between use of H2 receptor antagonists and SARS-CoV-2
infection.”” In addition, a clinical trial (NCT05504057)
found reduced hospitalization and mortality rates among
patients on antihistamines.” Furthermore, some COVID-19
patients were treated with antihistamines (e.g., bilastine™)
for symptoms, including skin lesions, rashes, urticaria
(hives),” and cough, as well as for acute viral pharyngitis.””

3.2. Mast cell stabilizers
3.2.1. Luteolin

Luteolin is a natural plant pigment-derived flavonoid
and mast cell stabilizer known for its anti-inflammatory
and antioxidant properties. It was found to bind to
the Spike protein of SARS-CoV.® Luteolin exhibited
anti-inflammatory  properties in spike Sl-induced
THP-1 cell activation in a dose-dependent manner
(p<0.05).” In a randomized trial, co-ultramicronized
palmitoylethanolamide with luteolin showed subclinical
improvement with persistent COVID-19 olfactory
dysfunction.®# Luteolin-7-O-glucoside inhibited
replication of human coronavirus OC43 (a surrogate virus
for SARS-CoV-2).# A clinical study of 42 COVID-19
outpatients showed reduced symptom severity, shortening
time to testing negative.*

3.2.2. Quercetin

Quercetin, a plant pigment-derived flavonoid, serves as
a mast cell stabilizer. It is also a flavonoid found in many
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plants and used in traditional Chinese medicine. A pilot
study on the prevention of symptomatic COVID-19 in
healthcare workers found that 1 of 60 in the quercetin group,
compared with 4 of 60 in the control group, contracted
COVID-19, indicating that quercetin may be a beneficial
prophylactic treatment.® In the clinical trial NCT04377789
involving 113 healthcare workers, 1 of 71 in the quercetin
group developed COVID-19, compared with 9 of 41 in the
control group.®® Evaluating quercetin for the prevention of
symptomatic COVID-19 showed promise in a 3-month
pilot study of 120 subjects.® A study of 60 patients with
COVID-19 and concomitant type 2 diabetes mellitus
treated with quercetin demonstrated reduced endothelial
dysfunction and prevented thrombotic complications.®”
In the clinical trial NCT04861298 involving 100
COVID-19 outpatients with mild-to-moderate symptoms,
the quercetin-treated group showed rapid recovery
(p=0.0004) and improved resolution of acute symptoms
(p=0.0051).%8 The clinical trial NCT04578158 of 152
COVID-19 outpatients found reductions in the frequency
and length of hospitalization, the need for non-invasive
oxygen therapy, and progression to ICUs (0 vs. 8), and
reduced deaths (0 vs. 3).% In the NCT04603690 trial of 50
mild-to-moderate COVID-19 outpatients, the curcumin
and quercetin-treated group showed faster viral clearance
(72.0% in the treated group vs. 24.0% in the standard-of-
care [SOC] control group).” In a trial of 50 patients with
mild-to-moderate symptomatic COVID-19, 25 patients
were treated with curcumin, quercetin, and Vitamin
D3 (cholecalciferol), who showed expedited negative
SARS-CoV-2 test results (p=0.009) and rapid resolution of
acute symptoms.®! Treatment of 429 COVID-19 patients
with at least one chronic disease and moderate-to-severe
respiratory symptoms showed that those treated with
quercetin, Vitamin C, and bromelain had a positive effect
on laboratory markers of recovery.* In mice, quercetin
blocked the binding of the SARS-CoV-2 N protein to
SMAD3, inhibiting acute kidney injury.”® In a systematic
review and meta-analysis of five studies with 544 patients,
quercetin decreased the risk of hospital admission by 70%
(relative risk [RR]: 0.30; 95% CI; 0.14-0.62), ICU admission
by 73% (RR: 0.27; 95% CI: 0.09-0.78), and mortality by
82% (RR: 0.18; 95% CI; 0.03-0.98).** In a clinical trial
of 60 patients with severe COVID-19, quercetin was
significantly associated with earlier partial discharge and
reduced serum levels of alkaline phosphatase, quantitative
C-reactive protein (q-CRP), and lactate dehydrogenase.”
Quercetin inhibited SARS-CoV-2 infection of green
monkey kidney Vero E6 and human colon carcinoma
Caco-2 cells in a concentration-dependent manner.”®
In an open-label clinical trial of 60 outpatients with
mild-to-moderate COVID-19 pneumonia, the cranberry

(1,000 mg capsule for seven days) treatment group had
lower CRP (p=0.027), D-dimer (p=0.0001), and ferritin
(p=0.002) levels than the standard therapy group,” as
cranberries contain compounds, including quercetin,
flavanols, and proanthocyanidins.

3.3. Leukotriene receptor antagonists
3.3.1. Montelukast

Montelukast is a leukotriene receptor antagonist. In the
clinical trial NCT04885530, montelukast did not reduce the
duration of COVID-19 symptoms in 628 mild-to-moderate
COVID-19 outpatients compared with 622 patients
receiving a placebo.”® In contrast, a retrospective study
found that patients receiving montelukast experienced
significantly fewer events of clinical deterioration
(p=0.022).” A small randomized clinical trial of 67 patients
with moderate-to-severe COVID-19 pneumonia reported
significantly lower CRP (p=0.042) and D-dimer (p=0.008)
levels in the montelukast-treated group compared to
the control group.!” In a double-blind clinical trial of 40
hospitalized COVID-19 patients, the montelukast-treated
group showed significant improvements in CRP, LDH, and
lymphocyte count (p<0.05)."" A multicenter, open-label,
randomized controlled trial found montelukast therapy
equally effective as inhaled steroids for the treatment of
COVID-19 wheezing.!”® Montelukast combined with
gabapentin improved cough frequency and severity in
hospitalized COVID-19 patients.'®® A multidrug therapy of
ivermectin, azithromycin, montelukast, and acetylsalicylic
acid (TNR4) in 481 patients increased the likelihood
of recovery within 14 days, 3.4 times greater than the
comparison group;'® patients treated with TNR4 had
75% and 81% lower risk of being hospitalized or dying,
respectively, than the comparison group.'™ A systematic
review identified montelukast as a potential adjuvant
therapy for COVID-19.1 In a prospective, randomized
controlled study, high doses of montelukast reduced the risk
of respiratory failure in COVID-19 patients and shortened
hospital stay.'” Montelukast may block leukotriene receptors
in different organs or act indirectly by inhibiting the nuclear
factor kappa B signaling pathway."” Moreover, it inhibited
plasma-induced platelet activation in COVID-19 patients.'*

3.3.2. Zafirlukast

In a pilot randomized clinical trial of 40 moderate
COVID-19 patients, the zafirlukast-treated group did not
significantly improve symptom resolution compared to the
placebo group.®

3.4. Aspirin

Aspirin (acetylsalicylic acid) is a type of NSAID. Many
clinical studies of aspirin reported conflicting results
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regarding its clinical benefits for COVID-19 patients.
Patients taking aspirin often have associated COVID-19
risk factors.'” In contrast, other studies reported that
aspirin was associated with a decreased susceptibility
to SARS-CoV-2 infection (OR: 0.92; 95% CI: 0.86-
0.98).""" Daily low-dose aspirin significantly reduced
the risk of type 2 diabetes associated with COVID-19.'"!
Aspirin was found significantly associated with reduced
thromboembolism (OR: 0.163; p=0.020);'"* aspirin and
enoxaparin were associated with reduced mechanical
ventilation (OR: 0.032; 95% CI: 0.004-0.226; p=0.001).""2
A retrospective study found decreased risk of mechanical
ventilation (p=0.007), ICU admission (p=0.005), and
in-hospital mortality (p=0.02) among patients treated
with aspirin.!'®* A retrospective study found aspirin
use associated with decreased mortality (p=0.046) in
hospitalized COVID-19 patients.' Two meta-analysis
studies found that aspirin reduces all-cause mortality in
COVID-19 patients."'>!'¢ A systematic review and meta-
analysis of 34,415 COVID-19 patients found that aspirin
was significantly associated with reduced mortality;"”
a systematic review and meta-analysis encompassing
164,539 COVID-19 patients found that low-dose aspirin
was associated with reduced in-hospital mortality."’® A
retrospective study of 2,070 critically ill COVID-19 patients
found that aspirin treatment was associated with lower
mortality (hazard ratio: 0.57; 95% CI: 0.41-0.78).'" A
retrospective study of 35,370 veterans with COVID-19
found pre-existing aspirin prescription was associated with
decreased mortality at 14 (OR: 0.38; 95% CI: 0.32-0.46)
and 30 days (OR: 0.38; 95% CI: 0.33-0.45).* Moreover,
a study of 21,579 COVID-19 patients found that aspirin
treatment was associated with low mortality (p=0.01),
reduced hazard for progression to severe disease or death
(p=0.02), and increased hospital-free days (p=0.01).'*!
A propensity score-matched retrospective study of
2,785 COVID-19 patients found low in-hospital death
(hazard ratio: 0.518; 95% CI: 0.308-0.872).1?? In addition,
several meta-analyses found that aspirin was associated
with reduced mortality.!'®'1% A clinical trial of 14,892
hospitalized COVID-19 patients found a slightly shorter
hospitalization duration (8 vs. 9 days) with low-dose
aspirin.'* Propensity score-matched cohort analyses found
that aspirin treatment was associated with a lower risk of
in-hospital mortality'”’ (hazard ratio: 0.62; 95% CI: 0.42-
0.9; p=0.018)."* A meta-analysis found a lower likelihood
of death in aspirin-treated versus non-aspirin-treated
COVID-19 patients.'”” Other studies found that aspirin
use was not associated with SARS-CoV-2 infection.'*
A retrospective study of 1,190 critically ill COVID-19
patients found that aspirin use was associated with less

frequent deep vein thrombosis (p<0.001), pulmonary
embolism (p<0.001), stroke (p=0.001), acute respiratory
distress syndrome (p<0.001), and mortality (p<0.001).'*!
In a clinical trial (India: CTRI/2021/06/034254) involving
260 patients with mild-to-moderate COVID-19,
APMV2020 (aspirin and promethazine) improved patient
symptoms (p<0.05).7*2 Aspirin combined with famotidine
exhibited a significant synergistic survival benefit (OR:
0.55;95% CI: 0.39-0.78), with a 32.5% reduction in the RR
of death.*”

Additional clinical studies reported no benefits for
COVID-19 patients treated with aspirin. A retrospective
study of 262 hospitalized COVID-19 patients found
no benefits for aspirin use.'”® Aspirin in hospitalized
patients with mild-to-moderate COVID-19 did not
prevent clinical deterioration.”** A retrospective study
of 125 COVID-19 patients found no protective effect
of daily aspirin on mortality, mechanical ventilation, or
progression to ICU-level care.’”® A retrospective study
of 28,856 COVID-19 patients found no significant
association between aspirin use and 30-day mortality."*
Clinical trial NCT04381936 involving 22,560 COVID-19
hospitalized patients found a slightly shorter duration of
hospitalization (p=0.0062) and reduction in thrombotic
events (4.6% in the aspirin-treated group vs. 5.3% in the
SOC group), but with no association to reductions in
mortality at 28 days, progression to mechanical ventilation
or death, and an increase in major bleeding events (1.6%
in the aspirain-treated group vs. 1.0% in the SOC group)
among those treated with aspirin.””” A retrospective study
of 491 hospitalized COVID-19 patients found no impact
of aspirin treatment on group outcomes.”** For COVID-19
patients with coronary artery disease, low-dose aspirin was
not correlated with all-cause mortality.”® A propensity-
matched analysis found no effect of aspirin on mortality for
hospitalized COVID-19 patients.'*” A retrospective study
of 31.1 million patients found no association for low-dose
aspirin with risk of hospitalization and death/intubation.'"!

Other clinical studies identified increased risks of
adverse events in COVID-19 patients associated with
aspirin. A retrospective study of 376 patients, including
128 on aspirin, found a significantly shorter mechanical
ventilation duration (p=0.04) but a significantly longer
hospitalization (5.5 days in the aspirin-treated group vs.
4 days in the non-aspirin group, p=0.01).""* A systematic
review and meta-analysis found no association between
aspirin use and reduced all-cause mortality, but a higher
risk of bleeding (OR: 1.72; 95% CI: 1.32-2.24).!* An
observational cohort study found that aspirin use was
associated with arterial line failure (p=0.02) in ICU-
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bound COVID-19 patients."** A meta-analysis of three
studies with 1,054 patients found increased risk for
mortality among aspirin users (22.6% among aspirin users
vs. 18.3% among non-aspirin users).'” A retrospective
study of 1,357 older COVID-19 patients (age 75 or older)
found that aspirin use was associated with increased
mortality and a longer hospital stay;'* a study of geriatric
COVID-19 patients found similar results.'* A retrospective
study of 22,660 patients found that aspirin use before
COVID-19 was associated with increased mortality,
and aspirin use during COVID-19 was associated
with a higher risk of conventional oxygen therapy.!* A
retrospective study of 13,585 COVID-19 patients taking
aspirin for cardioprotection had a significantly higher
risk of hospitalization.'*® A retrospective study of 334,374
veterans with COVID-19 found pre-existing aspirin
prescription associated with significant decreased risk of
post COVID-19 thromboembolic disorders, including
pulmonary embolism (OR: 0.76; 95% CI: 0.69-0.83) but an
increased risk of acute arterial diseases, including ischemic
stroke (OR: 1.54; 95% CI: 1.46-1.60), and acute ischemic
heart disease (OR: 1.33; 95% CI: 1.26-1.39).'* A study
of rivaroxaban and aspirin was discontinued in clinical
trial NCT04324463 due to increased risk of bleeding.”** A
retrospective study of 390 COVID-19 patients found that
past aspirin use was a major risk factor for COVID-19
mortality (p=0.0003).""' A retrospective study found an
inverse association between the likelihood of COVID-19
infection, disease duration, and mortality with aspirin
use.”> In a retrospective case—control study of 3,712
COVID-19 patients, aspirin was associated with an
increased risk of mortality.”® A post hoc analysis found
that aspirin use was associated with persistent (adjusted
OR: 1.38; 95% CI: 1.06-1.81) and new lymphopenia
(adjusted OR: 2.57; 95% CI: 1.26-5.26) in severe
COVID-19 patients.'

4, Discussion

Consistent with the mast cell-targeting hypothesis,
clinical benefits in COVID-19 patients have been
reported  with  adjunctive  treatments, including
fluvoxamine and cyproheptadine,” hydroxyzine,*" one of
(dexchlorpheniramine, cetirizine, loratadine, or ebastine)
combined with azithromycin,” loratadine,” azelastine,'*
high-dose famotidine,"**** high-dose famotidine and
celecoxib,*** and famotidine combined with aspirin.*® It
is unknown if normal-dose famotidine contributed to the
observed clinical benefits when combined with cetirizine*
over possible benefits from cetirizine alone. Based on the
clinical benefits associated with high-dose famotidine,"***

it is strongly recommended that future clinical studies
evaluate cetirizine coadministered with high-dose
famotidine for treating COVID-19 patients as adjunctive
treatments. Positive clinical results have been reported for
28 patients for the high-dose famotidine and celecoxib;***°
the rationale for selecting celecoxib was based on
SARS-CoV-1 articles that have since been retracted.””*!*
The mast cell stabilizer quercetin treatment of COVID-19
patients is associated with clinical benefits in multiple
studies.®>9! The mast cell stabilizer luteolin is associated
with clinical benefits for treating persistent COVID-19
olfactory dysfunction.®** Mixed results were reported for
the normal (heartburn) dose of famotidine and aspirin.
Effective dose levels vary by treatment, with the threshold
dose level for some treatments, such as cimetidine, being
too high for targeting histamine receptors on mast cells,
other immune cells, and platelets.! Candidate adjunctive
treatments targeting mast cells with associated clinical
benefits are summarized in Tables 1 and 2.

Clinical trials evaluating candidate adjunctive treatments
were conducted alongside current standard-of-care therapies
to ensure that patients continue to receive established
COVID-19 treatments and are not disadvantaged. During
the COVID-19 pandemic, shifting current standards-of-
care levels negatively impacted clinical trials for high-dose
famotidine combined with hydroxychloroquine (public
perceptions negatively affecting enrollment) or remdesivir
in clinical trial NCT04370262' and high-dose famotidine
and celecoxib with dexamethasone in clinical trial
NCT04488081,” even with known drug-drug interactions
between celecoxib and dexamethasone.”>** Concomitant
treatment of COVID-19 patients with both celecoxib
(NSAID) and dexamethasone (potent steroidal anti-
inflammatory drug) was considered contraindicated because
the combination may cause excessive immunosuppression
during active SARS-CoV-2 infection.

The main focus of this study was the modulation of
mast cells by antihistamines, mast cell stabilizers, and
leukotriene receptor antagonists; many of these drugs, with
reports of beneficial clinical effects in COVID-19 patients,
have alternative mechanisms of action that could account
for these benefits. Aspirin inhibits cyclooxygenase-1 and -2
enzymes, reducing the production of prostaglandins
(inflammatory mediators that reduce pain and fever
and promote platelet aggregation), thereby reducing the
risk of blood clots. Astemizole can bind to the ACE2
receptor and block SARS-CoV-2 Spike pseudoviruses
in vitro.”® Azelastine has anti-inflammatory and in vitro
antiviral activity against respiratory viruses, including
SARS-CoV-2."1% In vitro, chlorpheniramine maleate
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Table 1. Promising adjunctive COVID-19 treatments targeting mast cell activation

Treatments References N Findings Benefits
Azelastine 19 90  Not available Faster negative COVID-19 test results
20 251  p=0.0041 Reduced viral load in outpatients
21 450 OR:0.31 Reduced SARS-CoV-2 infections
Cetirizine, 23 84  Not available No deaths in 2020
dexchlorpheniramine, elderly
ebastine, or loratadine 62 468  Hospitalization (p=0.001) Reduced hospitalization and deaths
Cetirizine and 22 110  Not available Reduced pulmonary symptoms
famotidine
Chlorpheniramine 58 101 p<0.05 Improved rate of clinical recovery
maleate nasal spray
Cyproheptadine and 59 147 p<0.001 The treated patients did not clinically deteriorate
fluvoxamine
High-dose famotidine 45 20  LDH: p=0.01, Improved clinical results
WBC: p=0.04, length of stay: p=0.04, oxygen
saturation: p=0.01, cough: p=0.02
High-dose famotidine 49,50 28  Not available Improved clinical results
and celecoxib
Famotidine and aspirin 56 832 OR:0.55; 95% CI: 0.39-0.78 Significant synergistic survival benefit
Hydroxyzine 61 164  AOR:0.51; 95% CI, 0.29-0.88; p=0.016 Reduced mortality
Loratadine 65 OR: 0.20; 95% CI: 0.02-0.93 Reduced mortality
Luteolin 84 42 Reduced symptom severity p=0.0118 & Reduced symptom severity and shortened time to
shortened time to testing negative p=0.0002 testing negative
Quercetin 88 100 Recovery: p=0.0004, acute symptoms Speedy recovery and improved resolution of acute
resolution: p=0.0051 symptoms
94 544  Hospitalization (RR: 0.30; 95% CI: 0.14-0.62), Decreased the risk of hospital admission by 70%, ICU
ICU admission (RR: 0.27; 95% CI: 0.09-0.78), admission by 73%, and mortality by 82% versus control
mortality (RR: 0.18; 95% CI: 0.03-0.98)
95 60  Partial earlier discharge p=0.039, reduced ALP Partial earlier discharge, reduced ALP, g-CRP, and LDH
p=0.002, q-CRP p=0.004, & LDH p=0.032
Quercetin, curcumin, 91 50  Negative testing: p=0.009 Expedited negative testing for SARS-CoV-2 and rapid

and vitamin D3

resolution of acute symptoms

Abbreviations: ALP: Alkaline phosphatase; AOR: Adjusted odds ratio; CI: Confidence interval; CRP: C-reactive protein; ICU: Intensive care unit;
LDH: Lactate dehydrogenase; OR: Odds ratio; RR: Relative risk; WBC: Whole blood count.

reduced the viral load in SARS-CoV-2-infected Vero 76
(human kidney) cells.'"® Ebastine also possesses anti-
inflammatory effects. In a mouse model, intraperitoneal
famotidine exhibited anti-inflammatory effects (vagus
nerve inflammatory reflex) that were not mast cell-
dependent.!® In vitro, hydroxyzine inhibited ACE2
receptor binding by SARS-CoV-2 Spike protein.'* In vitro,
ketotifen, in combination with indomethacin or naproxen,
reduced viral yield with an additive or synergistic effect.'®®
In vitro, the treatments loratadine and desloratadine
blocked SARS-CoV-2 binding to ACE2;'** desloratadine
blocked viral entry into human nasal epithelial cells.'®®
Luteolin, an antiviral, antioxidant, anti-inflammatory,
and anti-cancer agent, acts by scavenging reactive oxygen

species, inhibiting cyclooxygenases (inflammatory
enzymes), and modulating multiple signaling pathways.
Quercetin is an antioxidant that inhibits inflammatory
pathways, modulates multiple signaling pathways, and has
potential antiviral activity."®® In vitro, nilotinib inhibited
SARS-CoV-2 in green monkey kidney Vero-E6 and
Calcu-3 (human lung adenocarcinoma epithelial) cells.’®”

This study possesses several limitations. Clinical results
across studies may vary by COVID-19 disease severity,
patient demographics, differences in comorbidities,
concomitant medications, and the standard-of-care
treatments included in the studies. Moreover, literature not
indexed in PubMed, DOA]J, or Europe PMC was excluded
from this review.
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Table 2. Candidate mast cell targeting compounds with beneficial clinical results

Drug Structure Pros/Cons  Preventative  Mild-to- Severe Mortality
moderate
Aspirin CH, Pro 110 112,113,131 126 56,113-122,
/K 127-129,131
0 (0} (o} Con 152 143,148,152 142,144-147,149,150, 65,109,145,
153 146,151,152
HO
Hy
Azelastine o Pro 20,21,67 19 - -
]
Qv\
|
'S
=]
Cetirizine ﬁ Pro 67 22 - 23
Chlorpheniramine Pro - 57,58 - -
Cyproheptadine TH: Pro - 59 - -
N
Dexchlorpheniramine e Pro - - - 23
Diphenhydramine Pro 67 - - -

(Cont'd...)
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Table 2. (Continued)

Drug Structure Pros/Cons  Preventative  Mild-to- Severe Mortality
moderate
Ebastine Pro - - - 23
Famotidine high-dose \/E' . Pro - 1,43-45 HD famotidine and ~ Famotidine
HD L %,/ celecoxib*>* and aspirin®
(HD) X Y\/ - >~ p
Hydroxyzine Q Pro 67 - - 61
Loratadine Pro 67 - - 23,65
Luteolin Pro - 84 - -
Montelukast Pro - 99-104,106 - 104
Con - 98 - -
Quercetin Pro 85 88-92,94,97 - 94

Notes: Compound structures were generated using the Chemical Sketch Tool; “-” indicates data not available. “Pro” indicates reported clinical benefit;
“Con” indicates adverse outcomes. “Preventive” refers to treatment administered before infection. “Mild-to-moderate” refers to mild-to-moderate
COVID-19. “Severe” refers to severe COVID-19. “Mortality” refers to treatment effects on patient mortality.

5. Conclusion

Clinical benefits in COVID-19 patients have been reported
for the flavonoid mast cell stabilizer quercetin; for several

antihistamines (azelastine, cetirizine, chlorpheniramine,

diphenhydramine, hydroxyzine, and loratadine); for

cyproheptadine plus

fluvoxamine; for

azithromycin

combined with an antihistamine (dexchlorpheniramine,
cetirizine, loratadine, or ebastine); and for famotidine-
based regimens (cetirizine plus famotidine and high-
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dose famotidine). Positive results have been reported for
combination adjunctive treatments, such as high-dose
famotidine with celecoxib, and mortality benefits with
famotidine and aspirin. However, mixed and conflicting
results have been reported for aspirin in multiple
COVID-19 clinical studies, with likely increased risks
for geriatric patients. Treatments with observed clinical
benefits in COVID-19 patients targeting mast cells and
histamine receptors warrant follow-up clinical studies
as adjunctive treatments. Clinical studies evaluating
combinations of these adjunctive treatments in COVID-19
patients are strongly encouraged.
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Appendix
Table A1. Summary of literature search results Table Al. (Continued)
Generic name PubMed Directory of Open Europe Generic name PubMed Directory of Open Europe
(n) Access Journals (n) PMC (n) (n) Access Journals (n) PMC (n)
Antazoline 0 0 14 Fexofenadine 8 9 360
Aspirin 413 149 12,113 Hydroxyzine 12 5 534
Astemizole 1 1 155 Ibudilast 2 0 102
Azelastine 16 8 179 Ketotifen 3 2 174
Bepotastine 0 0 43 Levocetirizine 4 3 192
Bilastine 3 2 102 Lodoxamide 0 0 12
Brompheniramine 1 1 30 Loratadine 14 6 488
Carbinoxamine maleate 3 0 12 Luteolin 162 58 2,291
Cetirizine 15 5 880 Meclizine 4 2 100
Chlorpheniramine 10 4 305 Midostaurin 4 4 252
X o Mizolastine 2 0 27
Cimetidine 9 5 461
. o Montelukast 57 31 1,167
Cinnarizine 1 0 50
Nedocromil 0 0 50
Clemastine 3 0 190
Nilotinib 27 14 726
Cromoglicic acid 1 1 26
Nizatidine 1 0 62
Cromolyn sodium 2 1 99 .
Olopatadine 3 1 74
Cyproheptadine 4 3 225 .
Pemirolast 1 0 41
Dasatinib 34 18 1,277 Pheniramine 3 0 70
Desloratadine 0 0 8 Pranlukast 1 1 65
Dexbrompheniramine 1 0 5 Promethazine 4 4 500
Dexchlorpheniramine 2 0 96 Quercetin 350 166 5.607
Dimenhydrinate 0 0 110 Ranitidine 7 2 512
Diphenhydramine 22 12 2,524 Rupatadine 5 0 108
Doxepin 1 0 279 Spaglumic acid 0 0 2
Doxylamine 0 0 86 Terfenadine 3 2 170
Ebastine 8 2 170 Triprolidine 0 0 75
Emedastine 0 0 11 Verlukast 0 0 1
Famotidine 84 28 1,166 Zafirlukast 8 4 174
(Cont'd...) Zileuton 2 2 48
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